A bout one tenth of patients requiring mechanical ventilation (MV) undergo tracheostomy during their intensive care unit (ICU) stay (1) (2) (3) . Tracheostomy is thought to have many benefits over prolonged translaryngeal intubation including lower risk of laryngeal injury, facilitated weaning from MV, improved patient comfort, and less intravenous sedative administration (4 -8) . However, those benefits are not clearly settled and complications such as stomal infection, stomal hemorrhage, pneumomediastinum, tracheostenosis, and death may occur, although they are infrequent (5, 9 -13) .
Studies evaluating the association of tracheostomy with patients' outcomes are scant and conflicting. Tracheostomy seems to improve ICU survival, especially when performed early in the course of mechanical ventilation. But its impact on overall survival remains controversial, suggesting that post-ICU mortality could be increased (1, 7, 14) .
The absence of generally accepted guidelines may explain these discrepancies. Tracheostomy is far from being standardized with regard to indications for, timing of, and choice of the technique (2, 15) . Since the decision to perform a tracheostomy was either left to the discretion of the attending physician or based on poorly defined empirical criteria, the association between tracheostomy and outcomes in the previously mentioned studies could have been confounded by patient characteristics and influenced by in-ICU events that were also related to outcomes. The effect of such treatment selection bias has been called "confounding by indication" (16) . The propensity score is a powerful method to control for treatment selection bias. It makes it possible to assess the association of a procedure with specific outcomes in patients with an equal probability of receiving the procedure (17, 18) .
Objective:
To examine the association between the performance of a tracheostomy and intensive care unit and postintensive care unit mortality, controlling for treatment selection bias and confounding variables.
Design: Prospective, observational, cohort study. Setting: Twelve French medical or surgical intensive care units.
Patients: Unselected patients requiring mechanical ventilation for >48 hrs enrolled between 1997 and 2004.
Interventions: None.
Measurements and Main Results:
Two models of propensity scores for tracheostomy were built using multivariate logistic regression. After matching on these propensity scores, the association of tracheostomy with outcomes was assessed using multivariate conditional logistic regression. The aim of this study was to use the propensity technique to yield a more accurate estimation of the association of tracheostomy with ICU and post-ICU mortality and to determine whether there was a difference in ICU mortality according to the timing of tracheostomy and in post-ICU mortality according to whether the tracheostomy tube was removed before ICU discharge.
MATERIALS AND METHODS
Study Design and Data Source. We conducted a prospective, observational study in a multiple-center database (OUTCOMEREA) from January 1997 to August 2004. The database, fed by 12 French ICUs, is designed to record daily disease severity and occurrence of iatrogenic events. A random sample of patients older than 16 yrs and having ICU stays Ͼ24 hrs was entered into the database each year. Briefly, each participating ICU could choose between two sampling methods: consecutive admissions in n randomized beds or consecutive admissions in a randomized month.
Method of Data Collection. Data were collected daily by senior physicians of the participating ICUs. For each patient, the investigators entered the data into a computer case-report form using the data capture software VIGIREA (OUTCOMEREA, Rosny-sous-Bois, France) and imported all records to the OUTCOMEREA database.
Quality of the Database. The data capture software immediately conducted an automatic check of most of the variables entered by the investigators. Multiple automatic checking of internal consistency generated queries that were sent to the ICUs before the new data were incorporated into the database. At each participating ICU, the quality control procedure involved having a senior physician from another participating ICU check a 2% random sample of study data. Kappa coefficients ranged from 0.5 to 0.9 for qualitative variables, and interrater correlation coefficients ranged from 0.67 to 1 for clinical variables, severity scores, and organ dysfunction scores.
The lowest coefficient was obtained for McCabe score. The lowest interrater correlation was obtained for lactate level on day 3. Otherwise, the coefficient was always higher than 0.62 for qualitative variables, and the interrater coefficient ranged between 0.72 and 0.99 for quantitative variables. In particular, it ranged between 0.78 and 0.91 for severity and organ dysfunction scores and was 0.99 for duration of mechanical ventilation, ICU and hospital stay.
Study Population. All patients in the database who received MV for Ն48 hrs were included. Patients with prior tracheostomy were excluded. Patients who were submitted to tracheostomy represented the exposed population. Controls were selected among the remaining patients.
All participating ICUs followed the recommendations of the Société de Réanimation de Langue Française for airway management and weaning from mechanical ventilation, thus ensuring homogeneous practice. Tracheostomies were performed using either the surgical or the percutaneous technique depending on physicians' preferences and local possibilities. In keeping with a recent survey, surgical techniques were predominant (15) . Informed consent before tracheostomy was obtained from all patients or their legal representative.
Since routine collection of clinical and paraclinical data contained in the OUTCOMEREA database does not modify patients' management in anyway and statistical analyses are processed anonymously, informed consent for participation in the study was waived.
Data Collection. The following data were collected: age, gender, McCabe class (class 1, no fatal underlying disease; class 2, underlying disease fatal within 5 yrs; class 3, underlying disease fatal within 1 yr), comorbidities assessed according to the Acute Physiology and Chronic Health Evaluation II definitions (19) , severity of illness at ICU admission and daily during the ICU stay assessed using the Simplified Acute Physiology Score II and the Sepsis-related Organ Failure Assessment score, admission category (medical, scheduled sur- SAPS, Simplified Acute Physiology Score; APACHE, Acute Physiology and Chronic Health Evaluation; COPD, chronic obstructive pulmonary disease; ARDS, acute respiratory distress syndrome. gery, or unscheduled surgery), whether the patient was transferred from a ward (defined as a stay in an acute-bed ward Ն24 hrs immediately before ICU admission), lengths of ICU and post-ICU stays, length of MV, vital status at ICU and hospital discharge, and whether a decision to withhold or withdraw life-sustaining treatments (do-not-resuscitate order) was made. Reasons for initiation of MV and in-ICU events associated with ICU mortality in mechanically ventilated patients were also recorded as described elsewhere (20) . Since sepsis, pneumonia, and acute respiratory distress syndrome could be reasons for initiation of MV, they were considered as events only if they appeared after 48 hrs of MV.
End Points. The primary end points were all-cause ICU and post-ICU mortality. The secondary end points were lengths of MV, ICU and post-ICU stays, and occurrence of pneumonia.
Statistical Analyses. Results are expressed as numerical values and percentages for categorical variables, and as means and standard deviations (SD) or medians and quartiles (Q1-Q3) for continuous variables.
Comparisons between patients in the whole cohort were based on chi-square tests for categorical data and on Student's t-tests for continuous data.
Since the performance of a tracheostomy was not randomly assigned, treatment selection bias and potential confounding were accounted for by developing two propensity scores for tracheostomy. The rationale and methods underlying the use of a propensity score for a proposed causal exposure variable have been previously described (21, 22) . In effect, these propensity scores represented the probability that a patient would receive a tracheostomy.
In the first model, the propensity score was calculated using variables predictive of the performance of a tracheostomy in the ICU. To identify those variables, we searched the Medline database entering the following MeSH terms: tracheostomy, risk factors, and intensive care units. We screened studies by title, then by abstract, and finally by full text. We selected two relevant studies that found the following variables to be associated with the performance of a tracheostomy: pneumonia, aerosol treatments, witnessed aspiration, need for reintubation, duration of MV, and neurologic disease as the reason for initiation of MV (1, 14) . All those variables but two (aerosol treatments and witnessed aspiration) were computed in the OUTCOMEREA database and used to calculate the propensity score.
When building a propensity score, the main risk is that there could be an important unmeasured variable not accounted for in the propensity regression. Thus, we fitted a second model in which the propensity score was calculated using variables predictive of the performance of a tracheostomy selected through the Delphi method (23) (24) (25) . The factors thought to be positively associated with tracheostomy were duration of MV Ն15 days, need for reintubation, neurologic disease as the primary reason for initiation of MV, and underlying chronic respiratory disease. The factors thought to be negatively associated with tracheostomy were do-not-resuscitate order, postoperative state, congestive heart failure, or cardiac arrest as indications for initiation of MV.
Assuming an ICU mortality of 25% in unexposed patients and that tracheostomy would occur in Ͼ150 patients, we calculated that three controls per patient with tracheostomy would be necessary to unmask a difference in the odds ratio of mortality of 1.5 with an ␣ risk of 5% and a power of 80%. Using an algorithm (available at http:// www.outcomerea.org/ehtm/matchmacro.pdf), we matched patients who received a tracheostomy during their ICU stay to other mechanically ventilated patients who did not on the basis of each of the two propensity scores (model 1 and model 2). Specifically, we sought to match each patient with tracheostomy with controls who had the closest propensity score (within 0.005 on a scale of 0 -1). We imposed that the time to tracheostomy from the start of MV in the exposed patients be less than or equal to the length of MV of their respective controls.
Comparisons between matched patients were first based on univariate conditional logistic regression (for pneumonia, only episodes occurring in the exposed patients after tracheostomy and after an equivalent length of MV in their respective controls were considered). Multivariate conditional logistic regression was then used to examine the association between the performance of a tracheostomy and ICU and post-ICU mortality, adjusting for the confounding variables (i.e., risk factors for ICU and post-ICU mortality previously described) (20, 26) that had p Յ .10 in univariate analysis. Only patients discharged alive to the ward and free from mechanical ventilation were considered for post-ICU mortality analyses. Wald chi-square tests were used to determine the significance of each variable. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for each parameter estimate.
We considered p Ͻ .05 as significant. Analyses were computed using the SAS 8.2 software package (SAS Institute, Cary, NC).
RESULTS
Study Population. Of the 4,374 OUT-COMEREA database patients, 76 had a tracheostomy on ICU admission and were excluded. Among the remaining 4,298 patients, 2,186 (50%) received mechanical ventilation for Ն48 hrs, of whom 177 (8.1%) received a tracheostomy. The median time to tracheostomy was 20 (14 -32) days from the start of mechanical ventilation. Patients' baseline characteristics and reasons for initiating mechanical ventilation are listed in Table 1 .
Matching. One hundred sixty-nine exposed patients were matched to 572 controls in model 1, and 160 exposed patients were matched to 422 controls in model 2. There were no differences in variables predictive of tracheostomy between patients with and without tracheostomy after matching on propensity scores (Table 2) .
Outcomes. Overall, ICU and post-ICU mortality in patients with and without tracheostomy were 27.68% vs. 37.15% (p ϭ .01) and 15.25% vs. 4.83% (p Ͻ. 001), respectively. Hospital mortality in patients with and without tracheostomy was similar: 42.94% vs. 41.98% (p ϭ .8). Patients with tracheostomy had more pneumonia (61.02% vs. 31.61%, p Ͻ .001) and longer lengths (days) of ICU stay (46 [29 -67] vs. 10 [6 -18] , p Ͻ. 001), post-ICU stay (13 vs. 4 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , p Ͻ. 001), and MV (33 vs. 7 [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , p Ͻ. 001) than patients without tracheostomy.
After we controlled for treatment selection bias and confounding variables, tra- cheostomy was not associated with improved ICU survival in either model 1 or model 2, irrespective of whether tracheostomy was performed early (within 7 days of MV) or late (after 7 days of MV). Adjusted ORs and 95% CIs are shown in Table 3 . On the other hand, tracheostomy was associated with increased postintensive care unit mortality in patients discharged free from MV with their tracheostomy tube in place but not in patients discharged after removal of their tracheostomy tube. Adjusted ORs and 95% CIs are shown in Table 4 . Differences in risk factors for ICU and post-ICU mortality between matched patients with and without tracheostomy are listed in Tables 5 and 6 .
Finally, patients with tracheostomy in model 1 had longer lengths (days) of ICU stay (45 [29 -67] vs. 20 [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , p Ͻ. 001), post-ICU stay (13 vs. 7 , p Ͻ. 001), and MV (33 vs. 17 [9 -24] , p Ͻ. 001) than patients without tracheostomy, but tracheostomy was not associated with the development of subsequent pneumonia (OR, 1.50; 95% CI, 0.52-4.34; p ϭ .46). Results obtained with model 2 were similar.
DISCUSSION
Our results suggest that tracheostomy has no positive impact on survival when performed in unselected mechanically ventilated patients. It does not seem to reduce ICU mortality but may set patients discharged free from MV with their tracheostomy tube in place at high risk for post-ICU mortality. This emphasizes the utmost importance of targeted indications for tracheostomy and suggests the need for specialized step-down units for optimal post-ICU care.
The first major finding that tracheostomy does not favorably influence survival runs counter to previous reports. In 1999, Kollef et al. (1) inferred that tracheostomy was associated with a decreased hospital mortality. However, potential confounding factors were not taken into account, thus precluding drawing any conclusion. Recently, Frutos-Vivar et al. (14) showed a protective effect of tracheostomy in the ICU. Confounding factors were considered but patients were heterogeneous as to the indications for tracheostomy, leading to possible bias in the estimation of the effect of tracheostomy. In our study, we extensively dealt with baseline confounding and treatment selection biases. Potential confounders related to mortality were taken into account and analyzed within each cluster of exposed and not exposed patients, allowing an accurate estimation of the independent effect of tracheostomy. By using the propensity technique, we achieved an even distribution of all measured confounders and were able to assess the effects of tracheostomy in homogeneous patients who had the same probability of receiving the procedure, thus ensuring a greater reliability of the results. It must be noticed that we studied an unselected population. Yet, the prognosis may differ according to the type of patients. This is particularly true for elderly patients, who seem to have the worse outcomes (27, 28) . Patients with neuromuscular disease and patients with chronic obstructive pulmonary disease may also have different outcomes. Whether specific subgroups of patients do benefit from tracheostomy is an important outcome measurement for future investigations.
Apart from mortality, this study addresses three other main issues. First, since the timing could be of prognostic interest (7, 29, 30) , we evaluated whether patients with early tracheostomy had lower ICU mortality than patients with late tracheostomy. No difference was found. This could be ascribable to the fact that early placement of a tracheostomy is not always judicious. In the study by Rumbak et al. (7), for instance, eight patients (35% of survivors) in the delayed tracheostomy group no longer needed tracheostomy by the time this procedure was indicated by protocol. Second, we assessed the relationship between tracheostomy and pneumonia, taking into account only pneumonia occurring after tracheostomy was performed or after an equivalent length of MV in the respective controls. Thus, we avoided misinterpretation due to pneumonia occurring at different time points during the course of MV. The risk of pneumonia was not modified by tracheostomy. Third, we brought evidence that tracheostomy increases lengths of MV, ICU, and post-ICU stays. This may be due to the median time before tracheostomy (20 days), which is somewhat longer than usually reported (1, 14) . But longer lengths of stays more probably reflect the great deal of difficulties encountered when trying to discharge those patients from ICU or hospital.
The second major finding was that tracheostomy increased post-ICU mortality in patients weaned from MV who did not have their tracheostomy tube removed before discharge. One explanation is that these patients could not be decannulated because they had the most serious impairment of their respiratory function. As a consequence, they were more likely to die after ICU discharge and the tracheostomy tube per se was not responsible for the excess of mortality. In this view, that patients discharged after decannulation did not subsequently experience increased mortality may simply reflect the fact that weaning from MV could have been achieved without tracheostomy. Another explanation is poor tracheostomy care in the wards, which could be responsible for complications such as obstruc- tion of the cannula, and subsequent increased mortality. In some countries, patients are transferred to specific units while still on MV (7). In France, very few specific units are available and most patients are transferred to general wards. Our study suggests the need to develop specific units and provide nurses with practical clinical guidance on how to care for a patient with a tracheostomy in a safe and effective manner. Recent articles described how to implement strategies to ensure optimal care of tracheostomized patients by educated and supported teams of nurses (31, 32) . However, the real utility of such units has still to be evaluated in the absence of clear benefits or indications for tracheostomy.
Some limitations merit consideration. First, we did not assess secondary outcomes such as patient comfort, which may be a valuable indication for tracheostomy. Second, we performed an observational study, not a randomized controlled trial. Although by using the propensity technique we adjusted for treatment selection bias, the possibility of an important missing variable in the propensity regression leading to inappropriate subsequent matching cannot be entirely excluded. However, two distinct models were developed with two different techniques of relevant variable selection, and the conclusions obtained with both models were quite similar. Thus, it is unlikely that an important missing variable would have changed the results. Third, since this is a multiple-center study, results may be subject to inconsistent institutional practices. However, physicians of the participating ICUs followed current recommendations for tracheostomy, and neither the timing of tracheostomy nor the technique used altered patients' outcomes (12, 13, 27) . So, the fact that mainly surgical procedures were performed in our population was very unlikely to have confounded the results.
CONCLUSIONS
As the use of tracheostomy seems to increase in patients requiring prolonged MV (33) , it must be kept in mind that the ICU is not an isolated environment and that all the decisions we make in the ICU do have an important impact on future care needs.
Tracheostomy does not seem to favorably influence ICU survival but may represent a burden after ICU discharge. Consequently, the decision to proceed with tracheostomy should be cautious, and efforts should be made to identify patients who might clearly benefit from this technique to avoid unnecessary and unwanted prolonged MV.
Finally, it must be emphasized that successful weaning from MV can often be achieved without tracheostomy (7, 34) .
